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NOVELTY - An electrode material for a negative pole of a lithium 
secondary battery containing particles which comprise an amorphous 
M.A.X alloy having a substantially non-stoichiometric composition, 
where M represents at least one element selected from the group 
consisting of Si, Ge, and Mg, A represents at least one element 
selected from the transition metal elements, X is an optional component 
and represents at least one element selected from the group consisting 
of 0, F, N, Ba, Sr, Ca, La, Ce, C, P, S, Se, Te, B, Bi, Sb, Al, In, and 
Zn, and the content of the component M (M/ (M+A+X) ) is 20 to 80 atomic 
%. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for (1) 
an electrode structure for a lithium secondary cell composed of the 
above electrode material for a negative electrode and a collector 
comprising a material which forms no alloy with lithium in an 
electrochemical reaction; (2) a lithium secondary cell having a 
negative pole comprising the electrode structure. 

USE - Electrode material for negative pole of lithium secondary 
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(57) Abstract 

An electrode material for a negative pole of a lithium secondary battery containing particles which comprises and amorphous M»A»X 
alloy having a substantially non-stoichiometric composition, wherein M represents at least one element selected from the group consisting of 
Si, Ge, and Mg, A represents at least one element selected from the transition metal elements, X is an optional component and represents at 
least one element selected from the group consisting of O, F, N, Ba, Sr, Ca, La, Ce, C, P, S, Se, Te, B, Bi, Sb, Al, In, and Zn, and the content 
of the component M [M/(M+A+X)] is 20 to 80 atomic %. An electrode structure for a lithium secondary cell composed of the 
aforementioned electrode material for a negative electrode and a collector comprising a material which forms no alloy with lithium in an 
electrochemical reaction. A lithium secondary cell having a negative pole comprising the electrode structure. 
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0 AWTO^StC, lEKffS L< tt 1 0 0 A^T©*SBBtC«llffll-r* E 

ft, *56W»d*^T> a^oiBS^©^:^* tit* UWJzCuKa 
r e rW^^ffi^Tftf 

Lc = 0. 94A/(/3cos0) ( S c h e r r e r 
L c : *§il^<D*#£ 

± & l * n ft *§ e w r s t» * * ^ & «t ^ & * « ft # * » bb a t t> 
L&t>©*»e»»6n*x*ig«f tr-^3ftflE&is*K 100% c&s 1 
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(1-U/Ic) X100 

U<, 5m 2 /gRlT*50*«± LV>. 

WE^tt^©**®*^ 2f*K**/HHfcBET (Bruna 
u e r - Emm ett-Tel ler) ^ffil^ns. 

^<D^fa^^^^#WLfci?ffl^T-etf ? - <h ic =t o t , @£3t£iir*r 
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tt & + © * * —it -ft & b -c s»e & m s t? * ta ■** * ^ ft 
&mtf<btiz>. 7vmmm\z* trnzmmis* *v»tttt»**fc£fc 

H2tt, ^%H^o-^m?fe cjf^A-^tffi) wwrffi&msswfc 

7ik-r®.&m-Z&V . *»W©*««lifi#^e>^*A« 2 0 2 £IEffi2 
0 3#, -f*>{5*# 2 0 4 *^UT»SlU*«lA^^> 

y (^r-X) 2 0 7 ftKHRgSft. ft^ 2 0 2, 2 0 3 tt, 

AM^ 2 0 5, Mflft^ 0 6 CMtt^S. 

#$89iTtt, (a) fcL<te (b) iz^-r^oummm 
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(t!2 0 2) 

ffii!fcLfc#$69I<BU f^A-*lffi©ftl2 0 2 left, 0 1 (a) 
M l ( b ) SfflViTftfwSB^fc*^^©*®*^^ 1 0 2 <7)*g/& 

(iEffi 2 0 3) 

mttzZJEM2 0 3 tt, ^<ifcU^A-ft>0*XMfia5 
Ufibtii. Si£&/!B£rt:$K ^^^®S5i^^> M^&M^ttK 

Sc. Y. 7>^0', T^y-fK. Ti. Zr, Hf. V, N 
b, Ta, Cr, Mo, W. Mn, Tc, Re, Fe, Ru, Os, 
Co. R h , Ir, Ni, Pb, P t . Cu, Ag. Au^ICfli 
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r r e r ©S* SttHSnstta^lM XI4 5 0 OA > ? X h a 
-A) «T©Hlt^5ui*WSL<. 2 0 0 A£iT(DfMtS5 

(io2) dfflVisnsfec^ntRcttfflTf^s. ±tB*m^o 
ftwommmmfc (102) [zm^zmmw^m^tmmr^ho^m 

(<^->e#^2 0 4) 

U 3^ A-f 5. 

StiU, ffJL<[ilxiO- 3 S/cmKi, ctO»*L<« 
5X1 0 " 3 S / c ma±"C»5:tM8T!*5. 

±tB^:^m^M<t ittt, wAtf. h 2 so 4 , hc i, hno 3 m 

<D&. U^A-f*> (L i + ) tJKXKt> (BF 4 ", PF,-. 
As FT. CI 0 4 ". C F3SO3-, B P h 4 " (P h : 7x-iH) ) 
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^ k pD77>, -hD^>-tf>. i/^DPX^>, 

1, 2-v*H^^x^>, /7DD^>ii>, r-^^a^^ 

h>, wv?^ *;u*^>, -hp^^>, v^^;ni-jU7 7 
mB#U7-i;UTtt, #uifk>t*^F 1 # u h x ;p 7 ;m 
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£oMi:^l:tT^t$5i:^^*5. Lfc^T, a£-feA 
ft SWTS * ^> h* 

JEM. «#S5 • -feAU-*. «?fiA^^>^. mtiii&T&ft-TZo 
m 3.RtflH 4 cm»T. 3 0 1 t 4 0 3tttl> 303<h406 
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jE«, 3 0 4 t 4 0 8ttliaf (tffi+f^Sfclitgffi) , 3 
0 5 t 4 0 9 ttlEffi*^ (lEfiKf&XttiESS** > 3 0 2 <*: 4 0 

7te-f 3 0 6 i410tt^X^-yh« 4 0 1 ttftilt 

4 0 4ttIEi»l^> 4 11tt«»*. 4 12ttfti'J-F, 4 

i3lc^tM¥l (in OS!) <D— IEffi*mJi&'&tr 

iem3 o 3 £ms*ms&fii*.fc£S3 o i tf'j>tt< thnmnz& 
±c»ritsnfciE« <*m) 1405 swrsiEat. AH&®#4 

0 l±KUSlS3nfcfl« (#») 1 4 0 2 5tLfcil4 0 3 * 
&< tfeWSSftW^t-t/^-^®^ 4 0 7 ^1T 

T^*. ^^fefiKfi&4 0 8 ©0BPgB#JK:teIE*l$P&^ tLTOiE 

X^y h4 1 OtfEHSftT^S. RW^tiit^mMcDlt^^^^^ 
8411 S^LTJEffi+r^fil^iT^nt^S. 3E«4 0 
^TttiEff U - H 4 1 3 ^^bTjEM^r «y ^4 0 9 K:l£fc3nTV> 
*. Sfc,-A«4 0 3i:^t>-Ctt, Ai'J-H4 1 2 5:^bTtlffi 
4 0 8 ill^TW. I«*ir v^fflfcttMlrtW©^*"* 

$feicj7ii^fc<k^ c. ti3oiros«»i> ftffi 4 o 3 ommnm 

T5. 
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(1) AS ( 3 0 1, 403) tfc&VtzlEM ( 3 0 3, 4 0 6 ) 
<Dffl\Z. V — 9 ( 3 0 2, 4 0 7 ) £&A/T. MIS ( 3 0 5 ) 

XteMMtt (4 0 8 ) fcifi*fctf. 

( 2 ) li»^iiAl/fct« fkM** v rf ( 3 0 4) Xtt'IEffi** 
^ (4 0 9) b.^T.Tv V (306, 410) £ ttL * & T 5 . 

(3) _LIS (2) Tt#<=>nfc A^ftSCtiaoT, *?& 

flX-ir y h ( 3 0 6, 4 1 0 ) O^tLTH 09A«. 7 y SS«T 

(*v*&) 

mrtilWfl-fcte* tiffed IE MffiXttHSsffi- ( 3 0 5. 4 0 8) , Rtf 
H®*^ y^tfcttiES*t>^ (3 0 4, 4 0 9 )i^iUSn5. 

B3T?tt, 3E8sfr ( 3 0 5 ) *«, H 4 -Ciift^te (4 0 8) « 
)HJ«ffSH». fit. iE«ffiXttft««&**«»A^>?>^**fflOft 

&r & l < » # 9 x mm t y ? x 9- v v <d m& m*m vf * n * ■ 



WO 00/17949 



31 



PCT/JP99/05093 



¥i3&tS3 5 ^ □ >CD->U =1 ¥i3*i*£ 1 5 V nXD-vtr 

10 ;M»**7C*Jt 7 9. 5:2 0. 5 fI^L. 7J^>^X|?SiT 

RINT2000 tCT, »tgK: Cu <D K a &2rJB ^frfeft X^tUifr #tJr£?To 
15 M#ig#©ft5»##fll l : 

>ff-?#j2. 6 g/cc Offiffi©*ffi*lifi#*f^Kbfc« 

-^«te<Dfpsa##fy i : 

#0JTte. E4lC^UfeWf®«tifiO AA U-fX (13. 9mmt/>x 
25 5 0 mm) oiJf^Ar^jfi&f^aLfc. J^TTtt, 04$#ib 
T, «?|&©S-«««»©fP5Sl^JHi:«?&«)ffi*a:Ttc:"O^T» ftH<af£ 

1 . ft® 4 0 3 ©f£« : 
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2 . JE«4 0 6 Of^aa : 

(1) imUf?A^^^>^> £ - 1 : 2 O^^itTii^L-r 

(2) ±ia (i) -et#6n^U5 l ^A-^>^>^^^^^ 

(3) ±SB (2) Cfc^TlllfiUfcU^tf A-^>#>»fc«rtw. 
7^V>7? 3/*<D**f&3wt(M>*£# "J 7 y If U =5* >f» 

(4) ±IB (3) T»€»ftfc'*-* h£> J?^2 0W7J^- 

IE® 4 0 6 ^f^SBLfc. 

3 . MMM<D{^U : 

(1) + #K7K#£l&^fc^ l ''>*'-^*"~ h (EC) 

(DMC) «fi£Lfc*«*««l'fc. 

(2) ±12 (l) tflbnfc«l:. eg 7 y <fc * BMJ £ £ 
(LiBF 4 )£ 1 M (m o 1/1) »tf Ufc LTfflV>fc. 
4. t/^l/-^ 4 0 7 : 

& 5 -fc /1 U — ? &J8MVfr. 
5 . SET : 

TT£T?t o Jfc. 

(1) ft«4 0 3 1 3ES4 0 6®Wl:t/tU-^ 4 0 7 "fe 



WO 00/17949 



PCT/JP99/0S093 



33 

a v - $ / ie m / -t * v - * / ft * / * ' N ' U ~ * ° * ^ lC fcC * * 5 C 5 T 

0 8 fC*f Alfc. 

(2) M 'J - F 4 1 2 tftl»4 0 8 Oft»t7#y h 

m&T~mmvtc. Amma±m\z* ^sml. 

ij-Ml 3 

(3) ffiffi (2) Tt#^nfc=bcDtC, HM$ffiALfci« IE@* 

^asffi i 

^^-^ (85. 3XFe-I8*Cr-9XNi-2%Mn-l%Si-0. 15^S-0. 07%C) US© 45cc 
^gitC, ±E^&»*<&W«^*0* 1 Si-Ni 5g £it 

& 15mm <DX5r>l/X@l#-;U£ 12 HAtlT, ^IB*Srt * 7 )Vzi > 
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iii 2 

±«E<&&J!fr5fc<B«I«##0l l TftSnfc Si-Ni 
gO. 5 ~L ? U > (D~ y 5- )IB*ZU&'&<V S i : Ni ©5c*Jta«7 6 : 

«KTJai££ 1 7 GT2NffB]t»#^31UT Si-Ni # H ft 

HORIBA LASER SCATTERING PARTICLE SIZE 
DISTRIBUTION ANALYZER LA-920 0 

2. 0 ^0>T&o 

HMff] 3 

y ^r)vmm^7tmit 5 0 : 5 o-e^i^ ^enfcs^«»*±i3ies 

gtf-^S^BBfcTttlM 1 7 GT 2»H«*»»ffll^t, Si-Ni 
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mis— ^ti<D^sif#^ i Tffl^fem@^iS^i-#^T, ±ia« 

2 

IC Cu OK o*Sffl Vi/tlSft X*@»f^«f SrfT o ft. 

±BE-^*n&rof^S4#*^ 1 -c m^itMmm ft izwz.-c* ±ism 
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5f^g2 ^□>C->'J3 >B3it¥mr& 0. 55^D>©- 
yffrMm&TzMit 32.3 : 67. 7 tfig^U. iiBiMStf-^ 5 JUS 
fiKTiffliSg 1 7GT2Str B lg^WI^ > Si-Ni *»«^*» 

l^CXiBlfft- h £11 9 tC^To 

©##0iJ 1 £ra#<0#&T#£ifi0y©*a«iS#£tf s »l'fc. 

00 4 : 

HftgfflJ 5 

yy^»*R^tl2 2 5 * D>©*»l»5|5S7E*Jt 70 : 30:10 T? 

±Batasi#-^5;u*iicTftijaaE i 7GT2i$Ma£f» 

Mlbt, Si-Ni-C *ft«^^«»5|5*#fc. »Sftfc-&£*fr*« 

m.mmm.^(D^mmmm 5 : 

Mf2£r£*»7fcwfsm###J 1 fc«fcoT»fc£&fc#*.T, -tews 
§St##0>J 1 t^«©^feT?*^Jfi«aJ©«a«iS#Sf^SUfc. 

-^ufaofpgasijs^j 5 : 
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>y /r^^^ROC^i^!^^ 2 3. £ a ><Z5$g*ft^ &7tMit 45. 5 : 55. 5 : 9 
7Gt2 B#|Hfi^t»»«aSLT, Si-Ni-Ag ^Sl^^t»*S#fc. 

h £H 1 1 IC^I". 

73.9: 19.1:7.0 ±|EifiSa#-JU5 JU^H twTttlifi* 1 

7 Gt 5 mmm^B^^M It, Si-Ni-Zr 

j»6nfc^4»*l:^^t, »5c£ Cu ©Ko*Sffl'^fci2:ftX»lsl 
h £IH l 2 
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-^mmcD^mMmm 7 •■ 

^^^jnmit 5 0 : 5 OTHrL, »&nfcfi£<»&-hiBitt£Sl#- 
;i/S;U^M{CTinM^ 1 7 GT2J$F 9 1i^l»MItT Si-Cu 

auai^r- h^m i 3 ic^-Tc :oji5nfc^»*o¥«s«tt. 

iiw 9 

2 5 * p >Of> U =i <h¥i3*£t£ 2. 5S?D>0& 

Si-Co #ftR-&ft»**»>5:. »fcnfc&Kf»*lw^V>T, »7GlC Cu 
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Mis— ^«tt©f^«##w i Tffl^fciiiMcfAT. ±aa« 

gjMffJ 1 0 
LT^^-^^^^g^Si^^^J 1 0 : 

JRjfit&5fc&7n*Jt 5 0 : 5 0 ^1, » & nfcffi^flJ * ±IBjiMS 
tf-^S^gBKTJniSgl 7 GT 2^^Jl^^^^SbT Si-Ag 

»7cK Cu OKaiS 

te, 2. 3 $fn>T£ofc. 

-^mmof^ia^M^j i o : 

Mffiti&i£<Dft&k&MM 1 0 •Cllfc^lii^^^ffl ^^^^^ bus 5 — 
L T O El §m$S0>J 1 1 : 
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®&±mmm.m#-)i>s- )\,mw\zxmm.m i 7 G-c2^rin^^i 
TGe-co*ft»^»**#fc. #e>nfc^M*f:^^t, m. 

n^H^O^Ii^M^J 1 1 : 

1 2 

* <h¥i^^tl 0. 5^a>0-y *S£&K: Mg:Ni tc^J± 

^5 0 : 5 0 \ZtzZ>£? Kil'&U. »&nfcfi'&4fr«:±l2il8M.&#- 
Jl.S^ggCT, jDiim 1 7 GT 2 NfKS'a L-TMg-N i #ftR-& 

&7t\Z Cu 0KaISffl^fcl2: 
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mm^n^fD^mmmm 1 xm^tzmmmmwizwz-x. ±mm 
mmm^(o^m^Mm 1 2 xntzmmmmw^^^ Lfcm\z. mib- 

#T##rM^£liiJf2S c h e r r e r O^tCttAiM? L T t# iUit 

±isn^m?t& o n^nic ^? v> x <d fttzn - ° >)#) ^ & tf-tf- < 

( 1 ) : 

^i^S2il(!:LTt#en-5 0. 1C (*i/ew©o. l^omss) 

ffiOJt««£CTff ^, «ft«EE**4. 2VCll,fcl*AT4. 2 V 
1 C <J&*/l$M©0. 1 fgomgit) <tt<03g«»ET?*?l&*ffi*<2 . 8 V 

( 2 ) 1M : 
±1E (1) ©tt*-C»Stl* 3 2 )Vm<DtiLQn%® 
X. 0. 5C (gf/PtflOO. 5fg©i«!) fitCD^^»tttCT^m& 
ff^, tt«l*JEE*<4. 2VlCllfcfif^4. 2 V <7)^mE5t^lC^ 
D&XTH+2. 5 R# FbI 3t IE b » 1 O^Jh©^ 0. 5C©M 

tiME^'2. 8 v \z$\m? Z&Xl&l&Zft^* -D^XlOttm 
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mi 



No. 




f -9M 

mm 

2 6 
deg. 


<S 
deg. 


X A 


f - * * 

% 




# # &\ 
1 


S i 79. 5^ 1 20. 5 


47. 2 


0. 4 


216 


96 


4, 1 


%mm i 


S 1 79. 5^ I »p 5 


47. 2 


1. 3 


69 


98 


6. I 


mmm 2 


Si T «Ni,. 


47. 4 


1.2 


77 


97 


5. 2 


3 


SiNi 


47. 1 


1. 1 


86 


95 


3. 8 


###J 2 


SiNi, 


47. 2 


0.4 


244 


70 


1.0 


^fiS^J 4 


Si,, 3 Ni 67 . 7 


44. 2 


0. 8 


1 1 6 


78 


2. 1 


mmm 5 


S i 7ffl N i j 0 Cio 


47. 6 


1. 1 


80 


99 


3. 8 


UlSE^J 6 


Si.< «Ni„ 5 Ag Q 


A A A 

44. U 


n q 


i fin 


Q 1 


9 1 


^fiS^J 7 


Sitn.dNln.iZrt 


47. 7 


1.2 


74 


85 


1.7 


^SS0iJ 8 


SiCu 


44. 6 


1.3 


71 


90 


1.9 


H1?£0>J 9 


Si Co 


45. 5 


1.1 


80 


92 


2.4 ! 


m m w 

10 


SiAg 


44. 1 


0.6 


149 


95 


4. 6 


^ i& M 
11 


GeCo 


44. 6 


1.0 


90 


89 


2. 3 


n m m 

12 


MgNi 


44. 6 


2. 8 


32 


91 


1.7 
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i — 12 &«iBj<k^«»offl^Jt^&rn>t (#5201 
iiw 13 

^ffigH 1 4 
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tu, *;n**©*^. ft Si&g, Six* 
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[-LfEiCM • A • XCCi^T> Mte, Si, Ge, &. Mg <=> & 

< £ — fit <£> 7E ^ £ ^ , A tt, il^&ilTn^tf)'} 3 

a>&8tift*4>ft< i * < B7C*** 1 '* Xtt, 0. F. N, Ba. Sr, 

Ca, La, Ce, C. P> S. Se, Te> B, Bi, Sb. Ah In, Rtf Zn*>S 

^atiti*^^ < £ «&— *i0>7c*s:*i*. 'S.l, x&> -g-w 

snt^a<tt)J:^. ±IB#SKM • A • XHr&<Z>*£j&H3i 

McD#Mte. M/ (M+A + X) = 20 ~ 80 IK^ 1 * ] 

2. WE*a»M'A-X^tt, C u K aWk<D X *EISrK::*3HT. 
20 = 25° ~ 50° ©ttfflKlSmfcf 0.2' ^±<D*>©T 

3. h&I2#^KM • A • X£&te, C uKam<D xm\3imiZ&^T. 
20 = 25° ~ 50° ©«Bfc3*ft*f -9<D¥tiLm& 0. 5 ° 

4. fifttB^AKM • A • X£&tt. CuKo*OX*ia»rl:*^T, 
20 = 25° - 50° OttfflKSinfcfc' 1 • 0° ^JiOfc© 

5. *UB#»*M • A- Xfcfctt, C u K am<D X »I§l$r K*SV>T, 
20 = 40° ~ 50° ©SSfflKSm-Sfc* 0. 5 ° WJiOfeOT 

6. »B*UtM'A'Xm CuKa«CX»@Url:*^t, 

20 = 40° ~ 50° <D$imizmtiz>i' -)<D¥mii&& 1 . o° wofero 

ft5»IfO*tSA« 5 0 0 A^TT&&Bf*H 1 CIB*OH«ffl* 
8. f|itlB#flJtM • A • X^&Otft^tt, X*S»f»«f^ 6tHlt$ 
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lit. 
it. 

10. fJl5^^^JS7C^«, Cr, Mn, Fe, Co, Ni, Cu. 
Mo. Tc, Ru, Rh, Pd. Ag, Ir. Pt, A u . Ti, V, 
Y, Sc, Zr, Nb, Hf, T a Rtf Wrt> 6 fcatfft* Sl> 

12. Mre^aKM • a • x-&£a>s£sifc^te, &i£7t^£o. is 
m%nm 3 ii%o$6iwitfr5H*Ji 1 KnattoftSJUM**. 

13. ffifS^AKM • A • X&&fr tt, 7y*5c*S0. 
0 5 fift%75S 5 a*%^$ES^*^WTSW^Jl 1 KEttoAffiffl 

14. jfflfB#ftKM • A • X£-&#> 5 ft-S^^-te, 7 v *7C** 0 . 1 
Sft%75M 3 11% cD^S<D*^-^T^ft^Jl 1 (c IB IK 

to 

15. MtG^AKM • A • X6-&ft* 6 feStt^ tt. 0*&tE*£ 0 . 05 

t. 

16. ilB^AKM • A • X^fc** 6tt*tt^tt« 0.5/imJlS20tfm 

17. MSB* ft KM • A • X£&J&> SfcStt^te, 0.5wmJ5llO/i 

is. wtB#ftKM ♦ a • x&&fr*>uzitiL¥\*s &&®.T<Dttmwm 
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20. WI2^a«M - A-X^ll IlCLi 7C«« 3 li%7i!3 0 

21. t9IB#ft«M • A ■ X^&tt. Si-Co Si- 
Ni Si-Fe ^4, Si-Cu ^4, *ftS Si-Mo 

Si-Cr *fiS Si-Ag Si-Zr £ 

Si-Ti-&&. #ffl» Si-Nb£-&. #fi«Si-Y£&, # 
10 am Si-Co-Ni-^^, #SlSi-Co-Cu^^, #SHSi-Co-Fe 
IPiX Si-Co-Ag^^, Si-Ni-Fe 
Si-Ni-Cu Si-Ni-Ag #&St Si-Ni-Mo 

Si-Ni-Nb ^SlSi-Cu-Fe^, 
Si-Co-Fe-Ni-Cr ^SS Si~ Co- Fe~ Ni- Cr-Mn 

15 ^IS Si-Co-Cu-Fe-Ni-Cr #H H Si- Co- Cu- Fe - Ni 

-Cr-Mn -ir^, Si-Zr- Fe-Ni-Cr€T*. #*RSi-Zr 

-Cu-Fe-Ni- Cr-Mn ^irS Si- Mo - Fe - Ni- Cr 

Si-Mo-Cu-Fe-Ni-Cr-Mn #IIH Si-Ti-Fe- 

Ni-Cr Xtt^ai Si-Ti-Cu-Fe-Ni-Cr-Mn 

20 i taa*©mffiffl«aw. 

i2.«fE#I»M-A - X^^tt. #&» Si-Co-C #H 
RSi-Ni-C'&&, Si-Fe-C Si-Cu-C # 

SRSi-Fe-Ni -Cr-C Si- Co- Fe- Ni- Cr- C £ 

#iS Si-Cu-Fe-Ni-Cr-C Si-Co-Fe-Ni 
25 -Cr-Mn-C # SI Si- Co- Cu- Fe - Ni- Cr- C , # 

aS Si-Co-Cu-Fe-Ni-Cr-Mn-C Si-Co-La 
Si-Ni-La£&. #&ft Si-Fe-La *M 
Si-Cu-La Si-Co-La-Fe-Ni-Cr #A 

K Si-Cu-La-Fe-Ni-Cr #ftft Si-La-Fe-Ni-Cr £ 
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*SRSi-Co-Ca^&. #AH Si-Ni-Ca^^, #AH Si 
-Fe-Ca Us Alt Si-Cu-Ca #AH Si-Co-Ca-Fe 

-Ni-Cr Si-Cu-Ca-Fe-Ni-Cr *ftR Si-Ca- 

Fe-Ni-Cr #AK Si-Co- Zn ^HS Si- Ni- Zn £ 

5 #fiH Si-Fe-Zn #SK Si-Cu-Zn-&&. #SS Si 

-Co-Zn-Fe-Ni-Cr a" ik , #^1 Si- Cu- Zn- Fe - Ni- Cr £ 
#SJt Si-Zn-Fe-Ni-Cr^^. Si- Co- Al * 

AH Si-Ni-Al #AH Si-Fe-Al #AKSi-Cu-Al 

^AK Si-Co-Al-Fe-Ni-Cr ^AS Si-Cu-Al 

10 -Fe-Ni-Cr £r&, ^AS Si- Al- Fe- Ni- Cr #A« Si 

-Co-P-&&, ^Al Si-Ni-P #AH Si-Fe-P # 

AH Si-Cu-P #AH Si-Co-P-Fe-Ni-Cr # 

AH Si-Cu-P-Fe-Ni-Cr #AH Si- P - Fe - Ni- Cr £ 

#AH Si-Co-B -a^, ^AN Si-Ni-B #fi« Si-Fe 

15 -B #A* Si-Cu-B #AH Si — Co— B — Fe — Ni- 

Cr #AH Si-Cu-B-Fe-Ni-Cr Xtt ^AS Si- 

B _ Fe _ Ni _ Cr ^^TS5lf*J| 1 KHB*a>ft«fi!«ffi*i'. 

23. MiS#AHM • A • X-g-^te, ^AI Si-Co-Mg #A 
H Si — Ni — Mg "a^, *A« Si-Fe-Mg ^AS Si-Cu- 

20 Mg ^AS Si-Co-Mg- Fe-Ni-Cr #A« Si-Cu 

-Mg-Fe-Ni-Cr #AH Si — Mg— Fe — Ni— Cr "a^, #A 

HSi-Co-Ge^^. ^A» Si-Ni-Ge ^ Al Si— Fe — Ge 

#A1 Si-Cu-Ge n^. ^AS Si-Co-Ge-Fe-Ni-Cr £ 
#AS Si-Cu-Ge-Fe-Ni-Cr #AS Si-Ge-Fe 

25 -Ni-Cr #A« Si-Ge-Mg -Co£-&. # AH Si - Ge — Mg 

-Ni #AH Si-Ge-Mg-Fe #AH Si-Ge-Mg- 

Cu Si-Ge-Mg-Co-Fe-Ni-Cr #AH Si 

-Ge-Mg -Cu-Fe-Ni-Cr Xtt#A» Si-Ge-Mg - Fe 

-Ni-cr -&^T-*^m^« i tc83*<z>m«js««*t. 
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24. mtzm&m i 7is 2 3 ©^-rn^csHttoflftSE^aKM • a • x 

25. mia«a«iifi# i t , oiwiB#imM • a • x^o^tut 2 

27. ffium.mtfmm^(Dffim^^mu • a • x^&^&fts*^©* 
tm, so ii%7is 99 ma%(^iefflT^stt^^ 2 6 iccko* 

28. fiftflBttJffflltt. WaW^ft^tt^&^Stt**!!^***** 

2 6 KiettrcMfliiStt. 
3i 2 8 khb*<0M*hs#. 

f;u-fe;up-x, t h* o^->yp tr;u;*f jhuup-x, yjyxf 
y;P9>. # "J ^ut+yxf i/>, 5^ u 

N-t:-;Ubf P U K >> 77t'7JA, F7^*> h^AR^^'J b* — 
;i,7tf - h*5!i5»^5I«ft5'> & < <b 1 *I <£> ?K W f$ iii 

31. IE * » ft SB 
2 8 £ia«©«ffi«it#. 

# U fc* U — > 7 )V Or v -f K , 4 1/>^U7- , 3 7 v it 
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f^I^'JV-, 3 1/># , JT-, #'JX5Pl/>, 

tf>j7p£U>. x^l^-^pfcTU^-^x^-tfU^-, ^'J 3 

io at an*. 

3 3 tCfSiS0m*S*£i£#. 
35. HtFfB*^JSI^^ib^#J«, rtjatttfMfl^fc^ttT**** 

N-h'x^tfP U H >, 7H7^A, h 7 > h P*ARtf# V tf X 

25 jrjs 3 4 \zmm<Dmm^T&^o 

|'Jt''J-T>7J^70*, 4 7 V ftXf U > # U ^ - . 3 7 V it 
Ifk>#ij7-, 27->ftIf^*'JV-- X^U>-4 7 
IfU>*l^^'J^-. 4 7 <^{bX^l/>-6 "7 -yib^P tf 
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42. aaiSiEffio«id&«-»"t?»*flaiB u ^ ATc^waum, 

feti. »*JS 1 7iS 2 3 Oli-rn^lCffiiEOSltSB^aStM • A • X-& 
TfflK*«#±KKtt<5lSfc&*TS***4 3 tCfB&O 'J 5P A 
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*7-)i-t)Vu-7.. /^tjpa-^, x^;u-fe;UD-x. -T 
io +xh7>, y;u^>. # 'J ->>, # y ^-^ ->x^ #y 

N-tXJI/tfo'J K>. 77k7^A« h 7i/A > h ^AR^U 
If^> ! )5ijY- > 2 7 y{tX^I/>tf'J X^l->-47^<t 

t^ijv-, 4 7 7<txfu>-^- ^;u^-oT;u^Juexji/x- 

25 5 0.11. !EaRrX««K€:^ffiiL 'Jf-7A©S<b- il7r£J&£ 
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52. ffitZMmZ&f&'fZXmte* fWIBIEHltM • A • X£&^£ 
5Sf5£Jl 5 0 KfE®CD 'J ^7AX#m*&©83i£7ji£. 

-f 7 7°a t°;Hz;un-7. hh'o^y^fWn-X, tKo* 
^A/. 5r*7h^>. y')Vy>, # U itJUn # u # * -> x 3=- 

At $31 5 3 KB*© U ^-^ A — ^«fl&0«ift*as. 

5 7.miE#7Ki&ttW8£i^#^b^te. #U fx^7;^7-f h\ 

>yftx^ U >#fi£# U "7 — , 4 7 -y<bX^U>-6 7 y iffu tf U 
>&S£^'J^-» 4 7 «y{t:x5 1 i/>-A-7;u^-P7';u^;i't*x;u 

X-t-;U^S-&^ 'J 3 7 «yflSi£flSX^U'># U #UX 
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